Medical cannabis has entered mainstream medicine and is here to stay. Propelled by public advocacy, the media and mostly anecdote rather than sound scientific study, patients worldwide are exploring marijuana use for a vast array of medical conditions including management of chronic pain. Contrary to the usual path of drug approval, medical cannabis has bypassed traditional evidence-based study and has been legalized as a therapeutic product by legislative bodies in various countries. While there is a wealth of basic science and preclinical studies demonstrating effects of cannabinoids in neurobiological systems, especially those pertaining to pain and inflammation, clinical study remains limited. Cannabinoids may hold promise for relief of symptoms in a vast array of conditions, but with many questions as yet unanswered. Rigorous study is needed to examine the true evidence for benefits and risks for various conditions and in various patient populations, the specific molecular effects, ideal methods of administration, and interaction with other medications and substances. In the context of prevalent use, there is an urgency to gather pertinent clinical information about the therapeutic effects as well as risks. Even with considerable uncertainties, the health care community must adhere to the guiding principle of clinical care 'primum non nocere' and continue to provide empathetic patient care while exercising prudence and caution. The health care community must strongly advocate for sound scientific evidence regarding cannabis as a therapy. Significance: Legalization of medical cannabis has bypassed usual drug regulatory procedures in jurisdictions worldwide. Pending sound evidence for effect in many conditions, physicians must continue to provide competent empathetic care with attention to harm reduction. A vision to navigate the current challenges of medical cannabis is outlined. © 2018 European Pain Federation -EFIC â Eur J Pain 22 (2018) 485--491 485
Introduction
Unprecedented in this era of modern medicine is the current challenge of cannabis as a treatment for a vast array of medical conditions. In the last decade, cannabis as a therapy has been catapulted into the medical arena as a result of legalization for medical use in various jurisdictions, especially the United States, Canada and Israel. Propelled largely by public advocacy, the media and political agendas, with limited sound scientific study, patients are exploring use of cannabis as a treatment strategy and are also selfmedicating with this substance. Medical cannabis is a current reality and is here to stay. Contrary to usual medical practice whereby a product proceeds through a defined process before acceptance as a therapy, cannabis has bypassed standard scientific scrutiny and has entered mainstream medicine in countries worldwide (D'Souza and Ranganathan, 2015) . It is therefore the responsibility of the medical community to hasten to assemble as much information regarding benefits and risks of medical cannabis in order to counsel patients and provide competent clinical care.
In this review, we will focus on the cannabinoid effects in the management of pain and highlight areas that we believe are relevant to clinical practice. Knowledge of the state-of-the-art will allow the medical community to move forward in this age of prevalent use of medicinal cannabis. More detailed analyses of specific issues pertaining to medical cannabis are covered in other papers in this special issue of the journal. This article is based on the Ulf Lindblom Special lecture delivered at the 19th Congress of the European Pain Federation EFIC in Copenhagen in 2017.
Cannabinoids and the endocannabinoid system
The endocannabinoid system is found through the human body and comprises receptors and ligands. Although mostly associated with neuronal tissue, both peripheral and central, the system extends to other tissues including skin, bone, joints and hematopoietic defence cells (Pertwee, 2006) . This system functions to restore homeostasis by promotion of sleep, appetite, stress reduction and modulation of pain and inflammation and thereby counterbalances the 'fight and fly' phenomenon (Steiner and Wotjak, 2008) . Therefore, harnessing the effects of down-modulation of the stress phenomenon presents an attractive therapeutic option for numerous conditions. The understanding of the molecular underpinnings of the endocannabinoid system is fairly recent with identification of the cannabinoid receptors, CB1 and CB2 in the late 1980s, and then subsequent discovery of various endocannabinoid ligands (Howlett, 2005; Pertwee, 2015) . The endogenous ligands termed endocannabinoids are derived from arachidonic acid and are produced on demand in response to tissue injury or following a pre-synaptic neuronal trigger. When ligands bind to the cannabinoid receptors, the neural pain signals and inflammatory responses are downregulated. The two best studied endocannabinoids are anandamide and 2-arachidonyl-sn-glycerol (2-AG). Other molecules that may similarly bind to the cannabinoid receptors and activate this system are those derived from plant extracts termed phytocannabinoids, and pharmaceutical preparations that are synthesized (Pertwee, 2006) .
Phytocannabinoids are found in the annual flowering plant belonging to the Cannabaceae family, of which Cannabis is the genus, with various species. The species, Cannabis sativa has mostly been a commercial plant providing hemp fibre, whereas Cannabis indica, originating in the Indian subcontinent, was originally cultivated for psychotropic properties. Known for its fibrous qualities for over 10,000 years, the plant Cannabis sativa remains a valued modern commercial product in the manufacture of paper, textiles, plastics and biofuels (Tourangeau, 2015; Andre et al., 2016) . The medicinal and psychoactive properties of cannabinoids have been recognized for thousands of years, with writings beginning in ancient China and Egypt attesting to effect in inflammation and rheumatic pain (Kalant, 2001; Russo, 2007) . Cannabis has been used as an analgesic and antispasmodic amongst other uses in the Western world since the mid-1800s, and is currently identified as one of the 50 fundamental herbs of traditional Chinese medicine (Kalant, 2001; Aggarwal et al., 2009) . The psychoactive properties of the plant were recorded by the historian Herodotus in 440 BCE when he described the Scythians scattering hemp seeds on hot stones in order to inhale the vapours in steam baths.
From the early 1920s, marijuana, which is the common colloquial term and derived from the dried leaves and flowers of the hemp plant, was increasingly regulated and mostly banned worldwide, especially following the revised International Opium Convention International Convention relating to Dangerous Drugs in 1925 which regulated Indian hemp and the preparations derived therefrom (Aggarwal et al., 2009) . Cannabinoid molecules may be categorized into two broad groups, namely active molecules with or without psychoactive effect, and inactive molecules. Both Cannabis sativa and Cannabis indica are currently cultivated to provide delta-9 tetrahydrocannabinol (D9-THC) and cannabidiol (CBD), the two best studied molecules with potential for therapeutic effect. Concentrations of these two molecules in various bred strains may, however, vary greatly depending upon genetic manipulation.
3. Preclinical study informs the clinician attenuated (Johanek et al., 2001; Lim et al., 2003; Baker and McDougall, 2004; Schuelert and McDougall, 2008; Sanchez Robles et al., 2012) . Extensive study points to antinociceptive activity of both CB 1 and CB 2 receptor agonists, either singly or in combination, with CB 2 activity believed to affect microglial cells and thereby reduce neuroinflammatory mechanisms (Cheng and Hitchcock, 2007; Correa et al., 2009) . The CB 2 receptor is believed to be particularly important in central neuronal pain circuits with agonist activity inducing dopamine release in midbrain areas that contribute to descending pain control as well as the placebo effect (Shang and Tang, 2017) .
In animal models of inflammatory arthritis, mimicking human rheumatoid arthritis, inflammatory effects can be modulated by upregulation of cannabinoid receptor activity or increased production of endocannabinoids, with attenuation of joint destruction (Malfait et al., 2000; Schuelert and McDougall, 2008) . Similarly, endocannabinoids and CB 1 and CB 2 receptor proteins are found in human synovial tissue from patients with both rheumatoid arthritis and osteoarthritis (Richardson et al., 2008) . Ajulemic acid, a synthetic THC-11 analogue, has anti-inflammatory properties by reducing interleukin-6 and fibroblast metalloproteinase production and promoting apoptosis (Bidinger et al., 2003) . Recent study demonstrating a profibrotic effect of CB1 receptor, but a probable anti-fibrotic effect of the CB2 receptor highlights the complexity of this system, that does not always function in a unidirectional manner (Marquart et al., 2010) .
Beyond effects on the inflammatory pathway, the endocannabinoid system plays a vital role in neuronal development by affecting axon and dendrite growth and pruning in order to create specific and secure neuronal circuitry in the adult brain (Njoo et al., 2015) . Finally, rat studies have demonstrated that cannabinoid administration alters brain maturation in the young animal with resulting neuropsychiatric consequences in the adult (Renard et al., 2016) . Therefore, in summary, the cannabinoid system counterbalance inflammatory mechanisms with modulation of pain and inflammation holding promise for therapeutic effects, but with impact on brain development there is a cautionary note regarding neuronal development.
Evidence for effect in the management of chronic pain
With this background of the preclinical science, the clinician must turn to evidence for effect in disease.
In striking contrast to the abundance of comment in the public domain concerning the therapeutic effects of cannabinoids in disease, there has been only limited sound clinical study due to the illegal status of cannabinoids in most countries. Fortunately basic science study pertaining to cannabinoids in health and disease has been able to progress.
In two recent systematic reviews, one examining the effects of all cannabinoids for all diseases, and the other focussing on cannabinoid use for chronic pain, the evidence for effect is generally poor in view of the poor study quality, small numbers of participants, short study duration, various cannabinoid preparations used and a frequent high rate of bias (Whiting et al., 2015; Nugent et al., 2017) . With only two of the 28 studies reported by Whiting et al., (2015) assessed as having a low risk of bias, the authors stated that studies generally suggested improvements in pain measures, but often failed to reach statistical significance in individual studies. Notably, the odds ratio for the average number of patients reporting at least a 30% reduction in pain was reported as OR, 1.41(95% CI, 0.99-2.00), a value that crosses 1. In the second systematic review by Nugent et al., (2017) , which focussed on the effects on chronic pain and harms, the authors report a low strength of evidence for effect on neuropathic pain in some patients, but insufficient evidence for effect on pain associated with multiple sclerosis, cancer and mixed pain conditions. It is therefore surprising that The National Academies Committee on the Health Effects of Marijuana concluded that there is substantive evidence that cannabis is effective for treatment of chronic pain, especially neuropathic pain in adults (National Academies of Sciences E, and Medicine, 2017). Therefore, the sum of the clinical evidence to date is confounded by many factors including studies with mixed patient populations, use of different cannabinoid preparations and in various formulations, and wide ranges in dosing. It is also notable that there are only limited studies evaluating the effects of medical cannabis in any form. Although studies generally report improvement in symptoms of pain, especially that of a neuropathic quality, the results often do not reach significance, but with all studies reporting a considerable rate of side effects.
In the context of recent overuse of opioids for the management of chronic pain, an agent that could reduce opioid use is desirable. Although preclinical evidence points to an important opioidsparing effect for cannabinoids, and clinical studies showed some clinical benefits, the latter conclusions are less reliable in view of poor study quality, especially inadequate reporting of opioid dose changes and mixed findings for analgesic effects (Nielsen et al., 2017) . In a recent open-label study of medicinal cannabis use for patients with chronic pain over a 6-month period, patients reported improved pain severity and interference, but more striking was that 44% of those on opioids had discontinued opioid treatments (Haroutounian et al., 2016) . Indirect evidence for an opioid sparing effect of cannabinoids is the observation that there has been a reduction in prescription drugs for which cannabis could be an alternative, including opioids, in states in the United States (US) that had implemented medical marijuana legislation (Bradford and Bradford, 2016) . Furthermore, any treatment focused towards relief of suffering should in addition to symptom relief be associated with benefits to health-related quality of life (HRQoL). Here again, results have been disappointing. In a systematic review of 20 studies, of which 11 were randomized controlled trials, there were small improvements in HRQoL for some patients with pain, multiple sclerosis and inflammatory bowel disease, with reduced effects in some patients with human immunodeficiency disease, leading the authors to conclude that the evidence for effect of cannabinoids and HRQoL are inconclusive (Goldenberg et al., 2017) .
In contrast to the limited number of high-quality randomized clinical trials of cannabinoids in disease, observational studies report patient satisfaction with cannabinoid treatments. In a study of almost 1000 persons, two-thirds of whom had chronic pain, accessing medical cannabis from cannabis dispensaries in the north-eastern United States, cannabis was reported to be 70% effective for pain relief (Piper et al., 2017) . In a review of cannabis use amongst patients receiving opioid therapy for persistent pain, Reisfeld and colleagues reported concomitant cannabis use to range from 6 to 39%, but with statistically significant associations with present and future aberrant opioidrelated behaviours (Reisfield et al., 2009 ). Therefore in summary, there is currently limited information available from reliable randomized controlled trials examining the therapeutic effects of cannabis for chronic pain, although there is increasing report of considerable subjective effect. It is, however, evident that the current body of evidence would not be sufficiently robust to be accepted by regulatory authorities as an approved treatment for any condition.
Evidence for risk
Studies of the risks related to medical cannabis use in defined patient populations are limited. Extrapolation of risks from populations of recreational users to patients with various diseases is not ideal, but in the absence of study may provide some insight. A healthy young person using recreational marijuana is distinctly different from a person with a chronic disease seeking medical therapy. Whereas the young recreational user has made a personal choice in order to achieve a psychoactive effect, a patient is seeking relief of a symptom that is persistent, has likely not sufficiently responded to other treatments and is impacting quality of life. In a single study that was designed to evaluate side effects of smoked herbal cannabis in patients with chronic pain over a study duration of 1 year, the rate of serious adverse events did not differ between those using or not using cannabis (Ware et al., 2015) . With over half of each group treated with opioids, serious adverse events were reported to be over 20 events/100 patient-years for both groups, representing a considerable high number of events (Ware et al., 2015) . Harms associated with cannabis use for chronic pain have been reported in a recent systematic review (Nugent et al., 2017) . Nugent and colleagues reported an increased risk of short-term adverse effects of dizziness and tiredness, as well as an increased risk of motor vehicle accidents, psychosis and short-term effects on cognition, but insufficient evidence for other harms (Nugent et al., 2017) .
The National Academies Committee on Health Effects of Marijuana has highlighted the increased risks of motor vehicle accidents, increased risk of cannabis overdose injuries in children, but unclear evidence for all-cause mortality or occupational injury associated with marijuana (National Academies of Sciences E, and Medicine, 2017). This report further confirms the impaired performance in cognitive domains of learning, memory and attention related to recent cannabis use within the previous 24 h, as well as some suggestion that these impairments may persist in persons who have used cannabis previously, but stopped smoking cannabis. In addition there is mounting evidence that cannabis use during adolescence has a negative impact on educational attainment and lifetime achievement in employment, income, and social relationships and roles (Meier et al., 2012) . Mental health disorders associated with cannabis use are prevalent. Aside from acute psychotic episodes related to the increased concentrations of THC in the street product, there is evidence for decreased motivation as well as an association of psychotic-like experiences and schizophrenia related to cannabis use, especially when initiated at a younger age (Volkow et al., 2016; Bourque et al., 2017) .
The association or development of substance use and/or abuse is a concern for patients using cannabis for medical reasons. Frequent cannabis use is associated with cannabis dependence, especially when initiated at a younger age, and is likely to increase risk of developing substance dependence for other products (van der Pol et al., 2015) . In an animal model of alcohol preferring rats, stimulation of the CB1 receptor promoted alcohol intake, supporting the hypothesis that the cannabinoid system has modulatory effects on neural circuitry involved in alcohol drinking behaviour (Colombo et al., 2002) . In a recent study, in the United States, a quarter of chronic pain patients using medical cannabis were identified as high-risk alcohol drinkers (Davis et al., 2018) . Furthermore, the National Academies Committee has concluded that there is moderate evidence for the development of substance dependence and/or abuse disorder in the setting of cannabis use, highlighting the need for vigilance in this regard by the treating physician (National Academies of Sciences E, and Medicine, 2017).
Another area of contention that requires study and clarification is whether smoking cannabis is alone a risk factor for lung cancer. Study to date has been fraught by confounders such as concomitant cigarette smoking, self-report of cannabis use, variable smoking techniques, and unclear and small numbers for chronic or heavy cannabis use. Although the National Academies of Sciences has concluded that there is no statistical association between cannabis smoking and incidence of lung cancer, this assessment was based on information from a single systematic review and an epidemiological review, with considerable limitations identified for both reviews (Huang et al., 2015; Zhang et al., 2015 ; National Academies of Sciences E, and Medicine, 2017). Similar limitations of study design have been noted in the systematic review of Martinasek et al., (2016) that reported an increased risk ratio of lung cancer and cannabis use of between 2 to 4. The longest duration epidemiological study to date reported a 2.12 risk of lung cancer with heavy cannabis use, for almost 50,000 Swedish military recruits followed over 40 years (Callaghan et al., 2013) . It is intuitive that lung function should be affected by inhalation of a combustible substance that is composed of many chemicals. Discordant results for effects on air-flow, both immediate and long-term as well as the development of chronic obstructive airways disease have however been reported, with limitations of studies similar to those for the cancer studies (Joshi et al., 2014) .
The current reality
There is a common perception that cannabis is a harmless pleasure for recreational use and that access should not be restricted or illegal. It is also well known that once a substance has achieved legal status, there is increased widespread use as has been seen for alcohol and tobacco. There is also a common perception that medical cannabis is an excellent treatment for a variety of conditions including pain, mental health disorders especially anxiety, sleep disorders amongst others (Sznitman and Bretteville-Jensen, 2015) . This perception, however, is typically supported by either weak evidence or no evidence at all. Unfortunately, the risks related to cannabis in general have been whitewashed by the media with increased focus on the purported benefits of both recreational and medicinal cannabis. It can be understood that once regulatory authorities have approved a product, the population anticipates that due diligence regarding risks has been addressed. In jurisdictions where medical cannabis is legal, there is also a notion of smudging of the fine line between recreational and medicinal use. It is also known that many persons currently using medical cannabis had previously used the product recreationally (Pacula et al., 2016) .
Lessons learned
When jurisdictions are considering legalizing cannabis for medical purposes, they could do well to look to the experience of others in order to protect both patients and society. In the first instance, it is paramount that medical and recreational use remains entirely distinct (Cairns and Kelly, 2017) . This has reasons that extend from reducing the risks for patients, maintaining the therapeutic relationship, providing incentive for further study, as well as addressing issues of reimbursement and education for both patients and the health care community. Treatment with medical cannabis must not be viewed as a self-administered and unregulated therapy, but should rather adhere to the basic principles of good medical care. The pitfalls that have been observed to date include the use of excessive quantities of cannabis by some persons, diversion of medically accessed product, and indiscriminate and inappropriate use for conditions that do not justify such treatments. Finally, unethical medical practice involves the provision of prescriptions for medical cannabis by some physicians who either do not have a full knowledge of a patient, do not assume clinical responsibility for the patient, or perhaps provide prescriptions for persons who are not valid patients.
The way forward
There are currently more questions and uncertainties concerning medical cannabis than answers, and the clinician may offer a wish list to the researchers for further study. Amongst the many uncertainties are the following: are the clinical effects related to a single or combination of molecules; do molecules other than THC and CBD have potential for therapeutic benefit; do specific molecules have effect on specific symptoms or conditions; what is the effect of other drug interactions with cannabis; will adverse effects outweigh the positive effects; and will tolerance develop and require progressively higher doses to achieve clinical effects?. There is also a need to understand dosing and methods of administration (inhalation, ingestion, transmucosal or transdermal) of various cannabinoid products. Beyond administration of cannabinoid products, manipulation of the endocannabinoid system should be further explored.
Importantly, the true effect of cannabinoids in many conditions requires objective measurement. With regard to the management of chronic pain conditions, medical cannabis should not be seen as a replacement for opioid treatment, especially in countries where overuse of opioids has been prevalent over the past few years. Studies of longer duration and with defined illnesses are required, including attention to specific patient populations, such as the young, the elderly, pregnant and lactating women and those with other medical comorbidities. There is also a need to rethink and be innovative in our methods of assembling data to direct clinical care. Perhaps this is a setting in which the traditional randomized controlled trial will be less applicable, with a need to look to large-scale, longitudinal cohort observational studies to answer clinical questions. And finally, there must be a clear distinction between recreational use of cannabis and that for medical purposes, both by regulatory authorities and the health care community.
Summary
In summary, medicinal herbal cannabis use is prevalent and is a reality. Only with information obtained through valid and reliable clinical study can the therapeutic potential of cannabinoids in general and medical cannabis in particular be assessed. In the current absence of a body of reliable information, the health care community must endeavour to inform patients as best as possible, but should not accede to anecdote in this 21st century. Cannabinoids in some form may hold outstanding promise for use in a range of conditions, but we cannot be beguiled by only advocacy. Clinicians are obligated to provide the best competent clinical care by adhering to the principles of evidence-based medicine combined with clinical wisdom. At this time, the health care community must speak with a rational, empathetic and sound scientific voice in order to effectively counsel patients. For this reason, it will be important to proceed rapidly with meticulous clinical study to allow the science to inform fundamental issues that arise in the clinic, but with the time-honoured medical ethic of 'do no harm' to patients and society.
